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An interaction between ozone and bacterial blight incited by plants not treated with antioxidant but X.phaseolidid not protect against Xanthomonas phaseoli on white beans (Phaseolus vulgaris 'Sanilac') was ozone injury on treated plants. Ozone injury did not protect against blight investigated in the field by reducing ozone injury with the antioxidant EDU infection. Plants protected with EDU averaged 38% less ozone injury and (N-2-(2-oxo-l-imidazolidinyl) ethyl-N-phenylurea). Plants were inoculated became defoliated 3 wk later than control plants. Yields of EDU-protected with X. phaseoli at time of flowering and weekly sprays of EDU at 1 kg/ ha plants increased 24% relative to unprotected controls. Weight of bean seeds were begun at the same time. Potentially phytotoxic concentration of ozone was inversely correlated with per cent leaflet abscission, suggesting that in excess of 8 pphm were recorded II times during the summer of 1977.
increases in yield of EDU-protected white bean plants may have been due Infection with X. phaseoli reduced symptoms of foliar ozone injury 19% on primarily to reduced defoliation rather than to reduce foliar injury.
Additional keJ' words: air pollution.
Interactions among plants, plant pathogens, and ozone have developed to date. The chemical characteristics of this compound been studies extensively in recent years (7, 19) . Infections of plant have been described (3) . viruses reduce the susceptibility of plant hosts to ozone injury White bean (Phaseolus vulgaris L 'Sanilac') is a widely-grown (1,2,4,23), although an exception to this pattern has been reported crop in southern Ontario, and the cultivar is highly susceptible to recently (26). Reduced ozone injury has been observed on plants ozone injury in the field (31). Xanthomonas phaseoli (E.F. Sm.) infected with wheat stem rust fungus (10) and Botrytis (17). Ozone Dows. is a wide-spread pathogen on white beans in Ontario, and it increased the incidence and severity of Botrytis infections on potato is the primary agent of epidemic outbreaks of bacterial blight in (21), geranium (20), and onions (32); however, ozone reduced leaf southern Ontario (27, 29, 30 ). infection and decreased hyphal growth of wheat stem rust (9) and The purpose of this study was to investigate the interaction crown rust of oats (6) , and reduced infectivity of powdery mildew between bacterial blight, ozone, and foliar injury and yield of white on barley (11) . Plants infected with bacterial pathogens and beans, and to assess the effectiveness of EDU in reducing ozone exposed to ozone show increased resistance to ozone injury and/ or injury on white beans in the field. increased resistance to bacterial infection (13, 14) . Inoculation with a hypersensitive-response-inducing pseudomonad 24 hr before exposure to ozone reduced ozone symptom expression in soybean MATERIALS AND METHODS foliage, but inoculation 4 hr before exposure to ozone increased foliar injury symptoms (25) . Alfalfa showed significantly reduced This field trial was conducted in Stouffville, Ontario, about 40 bacterial leafspot injury after exposure to ozone, and bacterial km NE of Toronto. A calibrated Bendix Model 800 chemiluminesinfection also reduced ozone injury to alfalfa leaves (12) .
cence-type ozone analyzer (Bendix Co., Ronceverte, WV 24970) With few exceptions (1,32) these interaction studies were conmaintained by the Air Quality and Meterology Section, Ministry of ducted under controlled laboratory conditions. Similar the Environment, was used to monitor ambient ozone experiments in the field present the problem of finding a suitable concentrations during the experiment. The instrument was located ozone-free area to use as a control. Open-top chambers (8, 18) about 100 m from the bean plots. equipped with charcoal-filtration systems have been used in the Seeds of white bean were sown 28 May 1977 in plots measuring 2 field to study effects of ambient oxidants on yield and crop quality X 1 m in three rows 2 m long spaced 45 cm apart. The plots were (16,28) and on ozone-Botrytis interactions (33). But differences in spaced 1 m apart and prepared and planted according to standard ozone response between field-grown plants and those grown in an commercial practices. water soaking of the leaf tissue. Plants were sprayed with water reduced foliar ozone injury on white beans by 38%, and only 13 to prior to inoculation in order to provide a favorable microclimate 20% of leaflets had abscissed on sprayed plants by 22 August (Table  for bacterial infection (27 However, plants sprayed with the antioxidant EDU had was assessed in increments of 10% on five middle leaves of each significantly greater yields than unsprayed plants, whether plant. Leaves that exhibited ozone damage or blight symptoms inoculated with bacterial blight or not ( Table 2) . Yields of were collected and examined for fungal or bacterial pathogens.
uninfected plants sprayed with the antioxidant averaged 24% Leaves were surface-sterilized in 0.5% sodium hypochlorite for 2 greater than unsprayed plants. Infected plants protected with min, then washed in distilled water. Leaf sections were incubated at EDU averaged 16% greater yield than unsprayed plants. Correla-27 C in petri plates containing Difco agar and 2% malt extract.
tion of yield with percent defoliation was significant (r = 0.97; p > The plots were harvested on 2 Sept 1977. Yields were determined 0.05), but correlations of yield with amount of foliar ozone injury from the weight of shelled beans from the middle rows of each plot.
or the total of ozone and bacterial injury were not significant. In vitro studies of EDU toxicity. A bacterial suspension
In vitro studies. At concentrations up to 1.0 g/L, EDU had no containing 5 X 10' cells/ml was diluted from 10 -to 10 6 and 0.1 ml effect on number of X.phaseoli colonies that grew on nutrient agar. of the dilution was spread on the surface of nine nutrient agar plates
Isolates of colonies grown with 1.0 g/L of EDU in nutrient agar containing 0, 0.3, 0.5, and 1.0 g/L EDU plus 0.06% Tween-20.
showed no decrease in infectivity when tested on white beans in the Isolates from plates were tested for pathogenicity by injecting field. aqueous suspensions of colonies into primary leaf nodes of 2-wkold bean plants in the field. Instead, there was a small but statistically significant increase in above 80vl/ nm 3 . Eight excursions above 80 pl/m3 occurred between ozone injury on X.phaseoli-infected plants in EDU-protected plots 27 June and 18 July, when the beans were in the flowering stage compared with uninfected antioxidant-treated plants. Possible when field-grown white beans become most susceptible to foliar mechanisms for the protective effects of bacterial infection in ozone injury (5) .
reducing ozone injury have included reduced ozone uptake due to Foliar injury. Upper surface flecking and bronzing symptoms impairment of stomatal function and reduced availability of induced by ozone were first observed on mature leaves during the potential ozone-injury sites (12) . These mechanisms are at variance week of 5 July, about 40 days after emergence. Lesions covered with the observation that EDU-protected plants with 17% of leaf about 15% of leaf surface at this time. Foliar injury symptoms and tissues affected by bacterial blight had 5% more foliar ozone injury premature abscission increased in intensity on older bean leaves as than plants with no blight infection. The antioxidant had no effect the season progressed, and 90% of leaflets on control plants had on the amount of leaf tissue affected by blight and no effect on X. abscissed by 22 August. In contrast, foliar ozone symptoms were phaseoli in vitro, suggesting that the lack of protective effect on significantly less severe on plants infected with X. phaseoli or EDU-treated plants was not the result of a direct EDU-bacteria sprayed with EDU (Table 1) . Bacterial blight infection decreased interaction on the surface of the leaf. The protective effect of X. foliar ozone injury by an average of 19% in plots unprotected by the phaseoli infection in reducing ozone injury on white beans not antioxidant, but on plots sprayed with EDU, ozone injury treated with EDU would appear to have little commercial increased slightly in bacteria-infected plants. The antioxidant itself significance, because the total amount of leaf injury on infected plants (53%) was nearly the same as on control plants (57%). Moreover, the reduced foliar injury on bacteria-infected plants did Xanthomonas phaseoli + EDU 191 c YWeekly applications of EDU ( N-2-(2-oxo-l-imidazolidinyl) ethyl-NControl 159 a phenylurea) I kg/ha active ingredient.
'Means of four replicate plots harvested 2 Sept 1977 at Stouffville, Ontario. 'Means in columns followed by the same letter are not significantly difzMeans followed by the same letters are not significantly different, P= 0.01, ferent, P = 0.01, when tested by one-way analysis of variance, when tested by one-way analysis of variance.
plants from infection by X. phaseoli. The amount of leaf tissue 13. KERR, E. D., and R. A. REINERT. 1968 . The response of bean to affected by blight was the same in antioxidant-treated and in ozone as related to infection by P. phaseolicola. Phytopathology unprotected plants. In controlled environment studies, Howell and 58:1055 (abstr.) Graham (12) 
